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Drought Assessment and Monitoring 

Drought 
Monitoring 

Meteorological 
Drought 

Agricultural 
Drought 

Hydrological 
Drought 

Precipitation, Temperature, 
Evapotranspiration, Soil Moisture,  
Streamflow, Runoff, etc. 

발표자
프레젠테이션 노트
토양 수분은 물 및 에너지 수지를 구성하는 주요 변수의 하나로 강수, 온도, 증발산 등과 함께 가뭄 평가 및 감시에 핵심적인 역할을 한다. 식물의 뿌리 구역의 토양 수분(root-zone soil moisture)은 식생의 건강 및 성장에 큰 영향을 미치므로 농작물 및 식생에 영향을 미치는 농업적 가뭄(agricultural drought)과 특히 관련이 깊다.
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Hydrological Drought 

 “Hydrological droughts are 
concerned with the effects of periods 
of precipitation shortfall on surface 
or subsurface water supply” (AMS) 

 

 Improved irrigation systems 
 Dams, reservoirs, etc. 

 

 Still occurs severe &  
   extreme drought 

 e.g. 2008~2009, 2012 drought in South Korea 
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Ungauged Basins 

 Limited measurements of 
meteorological and hydrological 
variables 
 

 Estimation based on water balance 
using 
 Statistical methods 
 Hydrological / land surface models 
 Remote sensing 
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Uncertainty 

 “Whether more reliable estimation … 
can be obtained from physically-
based methods … with uncertain 
data quality, or more empirical 
methods … with more reliable input 
data” (Kingston et al., 2009) 
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Research Question 

 Can the… 
 Remote sensing-based precipitation and 

evapotranspiration estimates be used for assessing 
hydrological drought? 

 
Purpose of study 

 To verify the use of remote sensing-based 
precipitation and evapotranspiration estimates for 
assessing hydrological drought in regions with 
limited observation data 
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Methodology 

Estimating  
air temperature 

Estimating  
evapotranspiration 

Correlation analysis  
with streamflow 

Hydrological 
drought 

assessment 
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Study Area 

60 weather 
stations 

5kmx5km 
 grids 

Upper 
Namhan-

gang 

Mankyung
-gang 

Dongjin-
gang 
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Data 

Remote sensing data 
 MODIS Land Surface Temperature (MYD11A2) 
 MODIS Atmospheric Profile (MYD07_L2) 
 TRMM 3B43 monthly rainfall 
 MODIS Land Cover Type (MCD12Q1) 
 GTOPO30 DEM 

 In-situ data 
 ASOS weather station hourly temperature data 
 Streamflow discharge 
 Calculated PET based on Penman-Monteith 

발표자
프레젠테이션 노트
ASOS (Automatic Synoptic Observation System)
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Methodology: Estimating Air Temperature 

Gridded dataset with maximum and 
minimum temperature 
 NCEP/NCAR - 2.5°x2.5° (daily) 
 CRU TS3.20 - 0.5°x0.5° (monthly) 

 Existing studies 
 NDVI, Elevation, SZA(solar zenith angle), land 

surface temperature, latitude, longitude, etc. 

 Temperature from LST and AP 
 LST 
 AP –linear interpolation/extrapolation for 2-m height 

(620hPa~1000hPa) 

 

발표자
프레젠테이션 노트
Existing studies
Lin et al. (2012)은 고도 자료만을 이용 아프리카 지역에 대해 최고 및 최저 대기 온도를 MAE(Mean Absolute Error) = 1.9°C
Stisen et al. (2007)은 MSG(Meteosat Second Generation)에 탑재된 SEVIRI(Spinning Enhanced Visible and InfraRed Imager) 센서를 이용하여 서아프리카에서 RMSE(Root Mean Squared Error) = 2.55°C
Jang et al. (2004)은 AVHRR(Advanced Very HIgh REsolution Radiometer) 자료, 고도, 태양천정각 등의 입력 변수를 Neural Network 방식을 통해 RMSE = 1.79°C
Prihodko and Goward (1997)는 식생지수와 지표면 온도와 대기 온도의 상관성을 이용하여 RMSE = 2.92°C
Yan et al. (2009)은 지표면 온도, 위도, 경도, 고도를 이용하여 RMSE = 3.23°C의 정확도로 대기 온도를 추정
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Methodology: Estimating Air Temperature 

Diurnal temperature change model 
 Correction using CRU TS3.20 

The proposed diurnal temperature change model 
using two sinusoidal functions for ascending (thin-line) 

and descending (thick-line) air temperature. 
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Methodology: Estimating Evapotranspiration 

Assumptions 
 Soil moisture stress 
 Land cover and vegetation phenology 

 
Methods 

 Penman-Monteith 
 Hargreaves 

(Allen et al. 1998) 
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Methodology: Correlation Analysis with Streamflow  

Precipitation 
for each grid 

PET 
for each grid 

Area-weighted 
average for each 

basin 

1, 3, 6, 12-month 
P-PET percentile 
for each basin 

Streamflow at 
gauges for each 

basin 

Correlation 
Coefficients 

Streamflow 
percentile for 
each basin 
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Results: Estimating Air Temperature 

 Coefficient of determination (R2) 

Variable Season 
Corrected Uncorrected 

AP AP_shift LST AP AP_shift LST 

Maximum 
Temperature 

ALL 0.95 0.95 0.94 0.95 0.95 0.94 
MAM 0.89 0.88 0.94 0.89 0.88 0.94 
JJA 0.42 0.44 0.13 0.42 0.44 0.13 
SON 0.92 0.92 0.96 0.92 0.92 0.96 
DJF 0.62 0.58 0.71 0.62 0.58 0.71 

Minimum  
Temperature 

ALL 0.94 0.94 0.97 0.94 0.94 0.97 
MAM 0.88 0.88 0.96 0.88 0.88 0.96 
JJA 0.77 0.76 0.75 0.77 0.76 0.75 
SON 0.92 0.91 0.95 0.92 0.91 0.95 
DJF 0.34 0.29 0.48 0.34 0.29 0.48 

Station-averaged coefficient of determination (R2) values (unitless). 

발표자
프레젠테이션 노트
여름철 제외하고는 LST의 R2 높음
중요한 봄, 가을은 높음
여름, 겨울은 낮음
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Results: Estimating Air Temperature 

MAE (Mean Absolute Error) 

Variable Season 
Corrected Uncorrected 

AP AP_shift LST AP AP_shift LST 

Maximum 
Temperature 

ALL 2.14 2.13 2.25 3.61 3.63 2.92 
MAM 2.04 2.05 1.85 4.72 4.64 4.58 
JJA 1.81 1.80 1.94 3.14 3.15 3.38 
SON 1.92 1.92 1.73 3.85 3.82 1.94 
DJF 1.92 1.90 1.86 2.76 2.74 1.88 

Minimum  
Temperature 

ALL 2.33 2.38 1.95 2.34 2.17 1.44 
MAM 1.91 1.92 1.64 1.44 1.47 1.18 
JJA 1.46 1.47 1.47 2.10 2.03 1.48 
SON 2.10 2.15 1.89 2.26 1.98 1.27 
DJF 2.19 2.22 2.17 3.94 3.55 1.89 

Station-averaged MAE values (unit: °C/month). 

발표자
프레젠테이션 노트
여름철 온도를 제외하고는 LST가 error 작거나 비슷
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Results: Estimating Air Temperature 

RMSE (Root Mean Squared Error) 

Variable Season 
Corrected Uncorrected 

AP AP_shift LST AP AP_shift LST 

Maximum 
Temperature 

ALL 2.59 2.58 2.72 4.05 4.06 3.51 
MAM 2.38 2.40 2.13 5.02 4.95 4.79 
JJA 2.07 2.06 2.28 3.61 3.62 3.90 
SON 2.24 2.25 1.98 4.16 4.13 2.24 
DJF 2.22 2.19 2.11 3.08 3.07 2.22 

Minimum  
Temperature 

ALL 2.81 2.89 2.36 2.91 2.75 1.87 
MAM 2.25 2.26 1.87 1.82 1.83 1.42 
JJA 1.71 1.72 1.72 2.51 2.44 1.81 
SON 2.49 2.56 2.22 2.63 2.40 1.58 
DJF 2.51 2.55 2.47 4.35 4.03 2.36 

Station-averaged RMSE values (unit: °C/month). 
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Results: Effect of Shift, Correction Using CRU 

Scatter-plot comparing time-
averaged MAE values for minimum 
air temperature during all season 
(unit: °C/month): each point 
represent ASOS weather station. 
 
 Uncorrected, minimum 
temperature, JJA, SON, DJF 

Scatter-plot comparing time-averaged 
MAE values for maximum air 
temperature during JJA: each point 
represent ASOS weather station. 
 
 New source of error 
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Results: Effect of Land Cover 

Variable Season 
Corrected Uncorrected 

AP LST AP LST 

Maximum 
Temperature 

ALL 0.14 0.16 0.03 <.0001 

MAM 0.06 0.14 0.06 0.0001 

JJA 0.16 0.34 0.003 <.0001 

SON 0.10 0.12 0.02 <.0001 

DJF 0.50 0.39 0.13 0.06 

Minimum 
Temperature 

ALL 0.34 0.16 <.0001 0.68 

MAM 0.05 0.04 0.09 0.37 

JJA 0.09 0.23 0.0005 0.62 

SON 0.43 0.19 0.001 0.91 

DJF 0.21 0.36 <.0001 0.12 

Test statistics for one-way 
ANOVA testing differences 
between land cover types. 

Uncorrected daytime LST vs. 
ASOS maximum air temperature 
during JJA 

Uncorrected daytime AP vs. 
ASOS maximum air temperature 
during JJA 

Impervious surface 
Heat island effect 



19 

Results: Effect of Elevation 

Test statistics for one-way 
ANOVA testing differences 
between elevation classes. 

Uncorrected daytime LST vs. 
ASOS maximum air temperature 
during MAM 

Uncorrected nighttime AP vs. 
ASOS minimum air temperature 
during JJA 

Variable Season 
Corrected Uncorrected 

AP LST AP LST 

Maximum 
Temperature 

ALL 0.34 0.34 0.06 0.03 

MAM 0.12 0.15 0.06 0.03 

JJA 0.44 0.71 0.13 0.04 

SON 0.32 0.42 0.07 0.10 

DJF 0.84 0.81 0.12 0.36 

Minimum 
Temperature 

ALL 0.91 0.83 0.03 0.26 

MAM 0.85 0.75 0.42 0.35 

JJA 0.74 0.67 0.0006 0.10 

SON 0.53 0.45 0.05 0.47 

DJF 0.83 0.74 0.04 0.28 
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Results: Estimating Evapotranspiration 

 Coefficient of determination (R2), 
MAE, RMSE 

Season R2 (unitless) MAE (mm/month) RMSE (mm/month) 

ALL 0.90 16.81 21.93 

MAM 0.89 (r = 0.94) 25.66 28.20 

JJA 0.06 (r = 0.24) 24.76 29.10 

SON 0.83 (r = 0.91) 11.12 13.58 

DJF 0.57 (r = 0.75) 6.44 7.54 
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Results: Correlation with Streamflow in Mankyung-
gang Watershed Basin 

Variable Time Scale 
(months) Season Sample Size Pearson‘ r (p-value) Kendall's tau (p-value) 

P-PET 1 JJA 32    0.88 (<.0001)    0.69 (<.0001) 
P-PET 3 MAM 9    0.67 (0.05)    0.39 (0.14) 
P-PET 3 JJA 10    0.7 (0.03)    0.51 (0.04) 
P-PET 3 SON 11    0.69 (0.02)    0.49 (0.04) 

P 1 JJA 32    0.89 (<.0001)    0.7 (<.0001) 
P 3 JJA 10    0.7 (0.03)    0.51 (0.04) 
P 3 SON 11    0.62 (0.04)    0.45 (0.05) 

PET 3 SON 11   -0.78 (0.005)   -0.49 (0.04) 

MAM SON 

발표자
프레젠테이션 노트
5월: 2008년 가뭄 시작 상황 P-PET 에서
       2009년 심화된 가뭄 상태 특히 유량에서 잘 나타남
       2012년 시작단계라서 잘 나타나지 않으나 볼 수 있음

11월: 2008~2009년 가뭄 상태 잘 나타남
         2009년 P-PET는 약간 회복되어 보이나 유량은 최저를 기록, 실제 가뭄의 여파가 이어짐
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Results: Correlation with Streamflow in Dongjin-
gang Watershed Basin 

Variable Time Scale 
(months) Season Sample Size Pearson‘ r (p-value) Kendall's tau (p-value) 

P-PET 1 JJA 16    0.87 (<.0001)    0.65 (0.0004) 
P 1 JJA 16    0.85 (<.0001)    0.68 (0.0002) 
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Results: Correlation with Streamflow in Upper 
Namhan-gang Watershed Basin 

Variable Time Scale 
(months) Season Sample Size Pearson‘ r (p-value) Kendall's tau (p-value) 

P-PET 1 JJA 26    0.89 (<.0001)    0.71 (<.0001) 
P-PET 1 SON 27    0.63 (<.0001)    0.47 (0.0006) 

P 1 JJA 26    0.91 (<.0001)    0.75 (<.0001) 
P 1 SON 27    0.64 (0.0003)    0.49 (0.0004) 

PET 1 SON 27    0.51 (0.006)    0.38 (0.005) 

SON 

발표자
프레젠테이션 노트
2009년 9월, 10월 낮은 유량 백분위가 극한 가뭄의 영향 보여줌, 11월에는 회복
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Results: Gridded P-PET Percentile Maps 

Gridded 3-month P-PET 
percentile maps in November 
(SON) in Mankyung-gang 
watershed basin.  

Gridded 1-month P-PET 
percentile maps in September in 
Upper Namhan-gang watershed 

basin.  

발표자
프레젠테이션 노트
만경강: 2009년 가뭄 회복 시 북쪽 부터
남한강 상류: 가뭄의 지역별 차이, 진행 상태 보여줌
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Conclusions 

 Remote sensing-based P-PET can be used to 
assess hydrological drought in regions with 
limited observation data 

 

 Input data for drought early warning systems 
can be produced, assisting decision-making 
processes to minimize adverse impacts of 
hydrological drought 
 

 Drought information with high spatial resolution 
enables region-differentiated measures coping 
with drought in developing counties 
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Limitations and Further Study 

 Spatial resolution of precipitation 
estimates 
 GPM (Global Precipitation Measurement) data 

available from 2014 
 

 Effect of soil moisture and vegetation 
phenology on evapotranspiration 

 

More case studies in various climates 
needed 



Thank you! 

jyrhee@apcc21.org 
 

www.apcc21.net 
APEC Climate Center 12, Centum 7-ro 
Haeundae-gu Busan 612-020 Korea 

Tel : 82-51-745-3900 Fax : 82-51-745-3949 
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